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Non-technical summary
The political discussion on energy efficiency is focusing more and more on the building sector due to its susceptibility to potential market failures. In Germany, for example, about 30% of the total final energy consumption is used in private households, mainly for space and water heating. Hence, this sector contributes to a considerable amount of greenhouse gas emissions which cause negative external environmental effects. As the sector is absent in the European Union Emissions Trading System (EU ETS), well defined and effective policy instruments may help to reduce CO 2 emissions and mitigate pollution externalities. Moreover, the landlord/tenant-dilemma provides further sources of economic inefficiencies. Concretely, asymmetric information between sellers/tenants and buyers/hirers on the energy condition of a specific building may lead to adverse selection and thus result in economic welfare losses. Furthermore, incentive problems appear because the German landlord and tenant laws harm permanent shifting of (energy cost reducing) investments on rents.
Despite all funding programmes and information campaigns, the demand for energy-efficient technologies in the building sector has not significantly increased yet. According to the German Federal Ministry of Transport, Building and Urban Development, about 75% of the 17 million residential buildings in German had been built before the first Heat Insulation Ordinance was launched in 1977 and most of them have not been redeveloped yet. Between 1989 and 2006 less than 30% of all energy-efficient refurbishment possibilities were realized, notwithstanding a slight increase of the annual refurbishment quota during the last years.
Most empirical studies on barriers and drivers for energy efficiency in existing residential buildings focus on preferences of owner-occupiers. Since more than half of German households are tenants, an important research challenge is to extend the identification of possible drivers for energy efficiency in further living conditions. Using a discrete choice approach, this paper aims at deriving factors which increase the willingness to pay (WTP) for energy efficiency in an upcoming move. A multinominal logit model is used to analyse micro data of a survey among German households.
The estimation results suggest that the WTP is not mainly determined by socioeconomic attributes like household income or formal education, but rather by environmental concerns and energy awareness. Although there is evidence for similarities to research on WTP for green daily consumer goods, the building sector is not clearly perceived as an essential possibility to contribute to climate protection. The heterogeneity in demand within this sector has important implications for effective policy making. Financial programmes, for example, offered by KfW bank (Reconstruction Loan Corporation) should ensure access to capital markets, minimise information and transaction costs and reduce market asymmetries. Moreover, labelling instruments like the energy pass are useful to reduce asymmetric information between suppliers and demanders.
Introduction
The political discussion on energy efficiency is focusing more and more on the building sector due to its susceptibility to potential market failures. In Germany, for example, about 30% of the total final energy consumption is used in private households, mainly for space and water heating (cp. Hansen, 2009 ). Hence, this sector contributes considerably to greenhouse gas emissions which cause negative external environmental effects. As the sector is absent in the European Union Emission Trading System (EU ETS), well defined and effective policy instruments may help to reduce CO 2 emissions and mitigate pollution externalities. Moreover, the landlord/tenant-dilemma provides further sources of economic inefficiencies (cp. Mennel and Sturm, 2007) . Concretely, asymmetric information between sellers/landlords and buyers/tenants on the energetic condition of a specific building may lead to adverse selection and thus result in economic welfare losses.
Furthermore, incentive problems appear because the German landlord and tenant law harms a permanent shifting of (energy cost reducing) investments on rents.
In Germany, there is a long tradition on legal requirements for heat insulation and energy consump- have to provide an energy pass in case of construction, selling or renting and must make it available to buyers/tenants interested in. The EPBD 2010 which came into force in July 2010, strengthens the importance of this instrument e.g. by adding further information (i.e. two packages of measures for energy saving refurbishment) and enhancing its publication requirements. Germany aims at implementing the EPBD 2010, should it not be covered by ESO 2009 , by ESO 2012 . In addition to ESO, the Renewable Energies Heat Act (REHA/EEWärmeG) determines that by no later than by 2014 14 percent of thermal heat has to be provided by renewable energy sources. Therefore, new private or public buildings have to provide for a part of their thermal energy demand by using renewables.
Despite all funding programmes and information campaigns, the demand for energy-efficient technologies in residential buildings has not significantly increased yet. According to the German Federal Ministry of Transport, Building and Urban Development (BMVBS), about 75% of the 17 million residential buildings in German had been built before the first Thermal Insulation Ordinance was launched in 1977 and most of them have not been redeveloped yet. Notwithstanding a slight increase of the annual refurbishment quota during the last years, between 1989 and 2006 less than 30% of all energy-efficient refurbishment possibilities were realised. Empirical economic analyses (e.g. BMVBS, 2007; Jakob, 2007; Achtnicht, 2010; Stiess et al., 2010 ) detect a broad range of drivers for and barriers to energy efficiency in existing residential buildings. Most of these studies focus on owner-occupiers. Since, for example, more than the half of German households are tenants (cp. Gesis, 2009), an important research challenge is to extend the identification of possible drivers for energy efficiency in the case of an upcoming move. In fact, this paper aims at deriving factors which increase the willingness to pay (WTP) for energy efficiency in case of moving, using a discrete choice approach. A multinominal logit model is used to analyse micro data of a survey among German households.
The remainder of the paper is organised as follows: Section 2 gives a brief overview of literature on drivers for and barriers to energy saving measures in residential buildings as well as WTP studies for energy efficient technologies. Data and the underlying estimation strategy applied are described in section 3. The econometric results and their discussion are presented in section 4. The paper is concluded by a discussion about useful policy instruments for counteracting the market failures in this sector.
Literature background
The aim of this chapter is twofold. Firstly, a comparison of recently conducted surveys among owner-occupied single/semi detached houses is presented. Concretely, empirical evidence of the studies of BMVBS, 2007; Jakob, 2007; Achtnicht, 2010 and Stiess et al., 2010 is used to derive and discuss (self-perceived) drivers for and barriers to energy efficiency in residential buildings. 1 Secondly, the economic literature on WTP for energy efficiency in the building sector using a discrete choice approach is briefly summarised.
Drivers for and barriers to energy efficiency in residential buildings
Following the typology of Jakob 2007, drivers for and barriers to energy-efficient technologies in the building context can be divided into the following categories: building structure; universal regulative framework; financial prerequisites and economic utility; information and knowledge; socioeconomic attributes.
Building structure
Generally speaking, it can be assumed that the physical or technical conditions of the roof or the façade of dwelling houses neither impede energy-efficient refurbishment nor make it inevitable 
evidence for barriers with respect to the availability of suitable technologies. Furthermore, in case of extensions and alterations, German law (i.e. ESO) explicitly requires advanced energy-saving solutions. To conclude, the general building structure should rather be perceived as a driver than a barrier. The empirical results of the studies suggest that individuals are more likely to consider energy-efficient alternatives when there is need for refurbishment per se, i.e. at the end of the lifecycle of the current roof or façade.
Universal regulative framework
Due to the long tradition on legal requirements for thermal insulation and heating equipment in Germany, as discussed in the previous section, the universal regulative framework, e.g. the protection of historical monuments or local building regulations as far as possible, has been harmonised with regulations on energy efficiency. In the case of buildings of historic importance there might be a conflict of interests between energy efficiency and maintaining the original façade structure.
Although the German legislature explicitly considers the specific characteristics of historical buildings (cp. dena, 2010), the Chamber of Architects criticises current refurbishment possibilities (cp. Wagner, 2010) . Unfortunately, not all studies explicitly point out this item. However, the results of Jakob (2007) and Stiess et al. (2010) suggest that the universal regulative framework is not perceived as a barrier.
Financial prerequisites and economic utility
It is reasonable to expect that economic motives like total investment costs, payback periods and cost-benefit analyses are the main challenges within the decision on energy efficient refurbishment. According to Jakob (2007) , costs for refurbishment in a single family detached house on average account for 7-10% of the purchasing price and investments are profitable at a long-term mean real interest rate of 3-3,5%. The respective revenues (e.g. saved energy costs) then accrue for about 30-50 years. At the same time, uncertainty on future energy prices impedes exact calculation of payback periods. Furthermore, from an economic point of view, opportunity costs of energy efficient refurbishments like capital commitment have to be considered. Thus, an accurate specification of the individual utility calculation and preferences is required. Thompson (2002) shows that conventional investment calculation may underestimate the utility of energy efficient technologies because it does not incorporate potential surplus from an increased living comfort. This is in line with the argument of Jakob (2006) who emphasises the consideration of co-benefits (Jakob, 2006, p.174 ) like independence of high energy prices, the improvement of indoor climate and noise protection and the increased value of the building. Although there is empirical evidence for the dominance of financial and economic aspects in the decision process, some differences are observed in the four studies. Stiess et al. (2010) point out that less than the half of the respondents mentions economic reasons like the lack of financial resources or an used-up credit line. At the same time, more than 2/3 of the sample is not willing to take out a further loan for energy-saving measures. In most cases, a financing mix of savings, loans and funding is used. In the sample used by Jakob (2007), about one quarter of those who did not conduct an insulation of the façade or the roof between 1986 and 2000, explicitly states economic or financial barriers. Similar results are offered by BMVBS (2007) . The BMVBS study points out that costs of energy-efficiency measures are overestimated by 40% on average. About one quarter of the sample perceives financial reasons as an important barrier. In contrast, about 60% of the sample used by Achtnicht (2010) perceive economic or financial restrictions as key barriers. Uncertainty about economic viability and payback periods are taken into account but in general do not prevent an energy efficient refurbishment. Most of the respondents expect a payback of their investment in terms of lower energy consumption and increasing energy prices within the next years. Even though they accept a certain bandwidth of payback periods, in most cases 15 years are regarded as the critical threshold (cp. Stiess et al., 2010) . Not surprisingly, all studies underline the importance of concerns related to energy saving as a main driver for refurbishment activities. Furthermore, the studies show that co-benefits like the appreciation of the real estate and an increased living comfort are included in the decision.
Information and knowledge
In addition to financial restrictions, lack of information is often claimed as a central boundary condition for the diffusion of energy efficient technologies (cp. Zick, 2009 ). Even so, it is not obvious whether this paucity of information results from a real lack of information or rather from a dilemma of complexity (cp. Pöschk, 2009; Müller, 2010) with respect to the variety of single decisions (e.g. building materials, sources of energy, heating technologies, legal standards, funding programmes). Jakob (2007) assumes that there is no paucity of information with respect to quality and quantity but rather there is evidence for a lack of market transparency and also there are considerable costs of searching. The empirical studies do not provide unambiguous insights. On the one hand, Jakob (2007) and Achtnicht (2010) do not identify a lack of information, with respect to the quantity of potential information sources, as a main barrier for energy-efficient refurbishment.
On the other hand, about 70% of the sample used by Stiess et al. (2010) feel uninformed about funding possibilites and programmes. This is in line with the findings of BMVBS (2007) showing that the energy saving potentials in buildings sector usually are underestimated, especially in contrast to other sectors like domestic appliances or transport. Furthermore, the majority of individuals are not well aware of its real energy consumption and, by that, their saving potentials.
To sum up, individuals often miscalculate their own level of information and knowledge. This is why there rather is evidence for a lack of knowledge than for a lack of information which may result in inefficient decisions. With respect to future information programmes, the relevance of social networks has to be considered explicitly. For example, Stiess et al. (2010) show that consumer appreciate insights from on-one-on conversation with tradesmen, energy advisers, relatives or friends.
Socioeconomic attributes
Beginning with the hedonic pricing model by Rosen (1974) , approaches to reveal preferences for (non-marketable) environmental goods are intensivly discussed in the economic literature. 2 There is still need for research on how socioeconomic attributes household like income, age, formal education and environmental concerns affect the decision process. Enneking et al. (2007) find evidence for heterogeneous consumer behaviour within the different fields of action like food, transport and living. For example, an individual living in a rural area, consuming green daily goods and using solar panels for water heating may not be willing to renounce the use of its private car to go to work although there is public transport. Thus, a specific consideration of consumer behaviour within the particular sector is essential in order to understand consumer preferences.
Concretely, with respect to energy-efficiency in residential buildings, several approaches on how socioeconomic variables may influence the consumer decision seem plausible. On the one hand, young people may show a higher willingness to invest in energy-efficient refurbishment measures because they probably benefit from the positive effects for a long time. Moreover, loans can be repaid over a long period. Hence, monthly debits remain low. On the other hand, we can assume that mainly older people, when retired, are more likely to start refurbishment activities due to financial as well as time prerequisites. The effect direction of formal education can be interpreted ambivalently, too. One could expect that individuals with a higher formal (academic) education degree might evaluate cost-benefit calculation more precisely or due to income effects are more likely to invest in energy-efficient technologies. In contrast, technically active or interested persons like tradesmen who are faced with refurbishment activities and investment decisions during their daily 2 For an overview of estimating the value of environmental goods refer to Phaneuf and Smith (2005) or Palmquist (forthcoming) and for hedonic pricing models see among others Brown and Rosen (1982) , Bartik (1987) and Bajari and Benkard (2005) .
work might attach more importance on these issues. In line with age and formal education, income effects can be discussed analogously. The impact of socioeconomic attributes is not entirely considered in all of the empirical studies. Basically, no clear age and formal education affects can be detected but rather environmental concerns seems to influence the WTP for energy-efficient refurbishment. As discussed in the previous section, household income restrictions may prevent the diffusion on appropriate technologies but not in the strong dimension that is often expected.
Demand and WTP for energy-efficient technologies in residential buildings
Apart from the analysis of potential drivers for and barriers to energy efficiency in residential buildings, empirical work aims at deriving the WTP for energy-efficient technologies in households. Cameron (1985) was among the first who focused on energy conservation retrofits like storm windows and insulation. Micro data of 1761 owner-occupied single-family dwellings in the US obtained from the National Interim Energy Consumption (NIECS)(1978/78) was used to estimate the individual utility of appropriate technologies. The estimation results suggest that the demand for energy-efficient technologies increases if the household income and energy prices rise. Furthermore, Cameron concludes that funding schemes like grants or tax refunds do not foster refurbishment activities significantly. Poortinga at al. (2003) study the willingness to accept of different energy-saving measures among Dutch households. They conclude that technical measures to save energy generally are more accepted than changes of consumer habits or behaviour.
Moreover, individuals prefer to save energy within the household instead of losing their flexibility in the transport sector e.g. by using public transport. Interestingly, the amount of energy that is saved by implementing a certain measure is not among the most important criteria when choosing a specific alternative. Furthermore, Poortinga et al. (2003) show that individuals with high environmental concerns are more likely to accept energy-saving measures and attach more value to their savings potentials. Sociodemographic variables like age, number of household members, income and formal education do influence the way of energy-saving but do not have an impact on the acceptance of certain measures. Younger people are more likely to reduce their energy consumption within the household than older people. Moreover, there is evidence that families are more willing to accept changes in behaviour within the household than to give up their flexibility in the individual transport sector. As opposed to this, single-households with high incomes clearly prefer technological measures instead of changing their consumption behaviour. Banfi et al. (2008) derive the marginal WTP for energy-saving measures among tenants and owner-occupiers. During the choice experiment, the respondents (hypothetically) chose between a refurbishment alternative and the status quo. In detail, they focus on different types of windows, level of insulation of the external façade, ventilation and the price of the refurbishment activity. They point out that individuals in older buildings show a higher WTP for windows (about 13% of the rental or purchase price 3 ) and external façade insulation (about 6 to 7%), whereas ventilation systems are intensively discussed by individuals living in newer buildings (WTP is about 4 to 12% of the rental or pur-3 These prices are average prices, i.e. CHF 650,000 and CHF 686,000 for new and existing single family houses and 2030 and CHF/month 1,330 for flats in new and in existing buildings (Banfi et al., 2008, p.11 ). chase price) (Banfi et al., 2008, p.11) . These findings are referred to the differences in the building structure and a decreasing marginal WTP with rising efficiency levels. Moreover, we can assume that household income of individuals living in newer buildings is higher and thus, WTP for ventilation systems might be higher. In addition, the WTP in most cases is higher than the costs. 
Empirical Analysis

Data
The data used for the discrete choice analysis in this paper is based on a subsample of a larger survey among German households. It was collected by the GfK (Gesellschaft für Konsumforschung), a professionell market research institution in order to guarantee its quality. In June 2009, a face-toface interview was conducted among 1,257 household decision makers. In a first stage, individuals fulfilling the required subsamples were recruited by telephone interviews. Afterwards, in a sec- If policy aims at strengthening the role of energy efficiency in buildings and foster refurbishment activities it is important to understand how WTP for respective technologies differs among individuals. An important research question is whether it is possible to identify certain population groups which clearly differ in response behaviour. This might help to adjust economic or political instruments accurately.
Descriptive findings
It should be noted that no real WTP for energy efficiency when moving can be derived from the underlying survey. The individuals are not asked about the total amount of money they are willing to pay but rather if they were willing to accept a higher purchase price/rent exclusive of heating for an energy-efficient building. Concretely, they can chose among the options: (1) Yes, as long as the building is affordable 4 , (2) Yes, if the rent including heating in total does not rise/ if expected future saved energy costs equal to the increase of purchase price 5 , and (3) No increase of purchasing prices/rent is accepted (WTP=0) 6 . As presented in figure 2 , the descriptive analysis show heterogeneous response behaviour: 37.25% of the sample state a positive WTP for energy efficiency, whereas 28.92% of the individuals state a WTP=0. The remaining 33.83% of the sample choose option 2. Although energy efficiency is not considered to be among the most important decision criteria, more than a third of the sample states an increased WTP for advanced technologies. Thus, these individuals seem to value explicitly co-benefits like living comfort, ease of use, noise protection or environmental concerns. 
Model and Estimation
A multinominal logit model (MNLN) is used to estimate the drivers for an increased willingness to pay for energy efficiency in residential buildings when moving. This rather simple discrete choice model seems appropriate for the WTP analysis, also because no alternative-specific or generic variables are included in the regression (cp. Brownstone and Train, 1999 ). An important assumption of the MNLM is the independence of irrelevant alternatives (IIA) (cp. Train, 2009 ). This assumption requires that the Odds-ratio (P nk /P nl ) for individual n of choice alternatives k and l is independent of the introduction or change of other choice alternatives. From a theoretic point of view this assumption seems to be satisfied because the response spectrum of the underlying question on WTP for energy efficiency covers all reasonable choice alternatives. Beyond that, from a empirical point of view hypothesis tests like Hausman test or Small-Hsiao Test provide support for the IIA in the models. In the following, the estimation strategy, the choice of regressors and their expected impacts are briefly discussed. In order to analyse the factors that drives WTP for energy efficiency when moving, in a first step, three models with different focus of explanatory variables are specified. Table 3 provides an overview of the variables entering the three models. age, formal education and sex. Even though the analysis of drivers for and barriers to energyefficient refurbishment in section 2 does not provide unambiguous insights on the importance of financial restrictions, a lower probability of choosing option (1) or (2) is expected in households with low incomes, especially if residence time is short or uncertain. In contrast to green daily consumer goods one might assume that household income has a stronger effect in the sector of sustainable buildings e.g. due to the remarkable front up investment in case of house purchase.
With respect to age effects, on the one hand older people in addition to investment/revenue con- 
Results
The estimation results are presented in Tables 4 and 5 . The coefficients β1, 1 to β3, 23 (Table 4) or β1, 1 to β3, 16 (Table 5 ) measure the impact of a certain regressor on response probabilities in relation to the base category "constant WTP" and are displayed as log-Odds-ratios. For example, β1, 1 measures the influence of a low household income on the choice of alternative "positive WTP" in relation to the base category "constant WTP". Likewise, β3, 1 captures the impact of a low household income on choosing alternative "no WTP" in relation to the base category "constant WTP". These results are used to discuss the impact of the variables and the statistical power of the models. Thereafter, in order to facilitate the economic interpretation of the estimation results, marginal effects 7 are discussed (Table 6) significantly. Moreover, the expectation of a sharp increase in future energy prices (45.1% of the sample) has a strong impact (p < 0.01) on preferences for energy efficiency when moving. Surprisingly, the probability of a high WTP decreases if individuals expect higher future energy prices and if they doubt that technical or scientific progress solely can mitigate pollution externalities.
As model 3 suggests, variables on environmental concerns are more helpful than sociodemographics to explain the heterogeneity, too (log likelihood: −205.042; McFadden's R-sq: 0.081). The estimation results provide strong evidence that an increased WTP for green daily consumer goods increases the probability of a higher WTP for energy efficiency in residential buildings. Thus, similarities of preferences on sustainability within these two sectors can be assumed. Furthermore, the response behaviour differs if individuals consider environmental and climate protection among the two most important political challenges (20.6% of the sample) and do not believe that technology and science solely can resolve environmental problems.
To conclude, the estimation results of these models suggest that the heterogeneity of preferences and WTP for energy efficiency can not just be derived from sociodemographic differences. Information on housing preferences and environmental concerns seem to be quite useful to predict decision behaviour. In order to obtain a more extensive estimation of preferences and to validate the robustness of the findings powerful variables of models 2 and 3 are linked to the basic model. The results are presented in table 5. Interestingly, the impact of sociodemographic variables remains similar to the results in model 1. Moreover, the estimation results of models 4 and 5 strengthen the role of environmental concerns and housing preferences. There is strong evidence that an increased WTP for green daily consumer goods and a positive attitude towards the energy pass lead to higher utility obtained from energy efficiency. Furthermore, the effects of expected energy prices and the role of technology and science in environmental and climate protection remain significant. The estimation of marginal effects is used to precise the estimation results and facilitate their economic interpretation (Table 6 ). In order to maintain the table as clear as possible, it contains only significant results.
7
Marginal effects are estimated as marginal effects at the mean (MEM) and average marginal effects (AME) by using Stata 10.0 post-estimation commands mfx and margeff. mfx is Stata's standard command and measures the effect of a marginal change for the mean individuum and therefore at the mean of every explanatory variable. Especially when using dummy variables, the economic interpretation may remain questionable. In contrast, AME provides an estimate of the average of the marginal effect for every individual (cp. Bartus 2005). The choice probability for alternative "constant WTP" is decreasing significantly about 15% 8 if the monthly net income of the household is smaller than e1,000. The results suggest that these individuals tend to choose alternative "positive WTP". Moreover, households with incomes above e3,500 per month more often choose alternative (2), but these two findings are not significant.
However, one might conclude that smaller financial resources tend to rise the awareness of energy efficiency in the flat-or house-hunting process. Energy costs are a higher burden for low income classes. Thus, reducing the monthly energy costs by using efficient technologies and being independent of future increases in energy prices sensitises these households for a higher WTP for energy-efficient buildings. In contrast, other attributes like historical buildings with high ceilings, large windows and an open design may have priority in high income households. For high income classes, the costs for space and water heating are relatively lower in such a way that they are probably more likely to accept higher energy costs if the building meets their aestetic requirements. As opposed to these argument, the estimation of marginal effects suggests that individuals in Eastern
Germany are significantly less likely (about 18%) to accept higher prices for efficient buildings than their western counterparts which might be explained by difference in income distributions. This is why no clear income effects can be derived from the models. With respect to age similar effects can be derived. Older individuals significantly rarely choose alternative "constant WTP"
(around -26%) and therefore more often state a higher or no WTP. Although model 1 suggests that young persons are less likely to choose alternative (3) (-11%) these findings do not remain significant in models 4 and 5.
In contrast, variables on environmental concerns and housing preferences provide valuable insights. For example, the energy pass plays an important role. Individuals who consider the energy pass as an important and useful instrument are less likely (-17% to -21%) to choose WTP=0.
Energy-conscious households trust in this instrument and therefore are more likely to accept higher purchase prices or rents. From an investor or landlord point of view these findings suggest that energy-conscious individuals are willing to accept higher front up investments or rents if advanced energetic conditions are certified credibly. This is in line with the findings of Henzelmann et al. (2010) showing that 86% of the respondents accept higher rents for sustainable buildings. As already discussed, the effects of expectations on future energy prices are somewhat unexpected. All three models controlling for this variable suggest that the expectation of a sharp increase in energy prices for the self used energy source (in most cases gas and oil) negatively influences the probability of accepting a high WTP for energy-efficient technologies (about -10% to -14%), although especially in these cases appropriate front up investments could reduce energy costs in the long term. A possible explanation for the decision behaviour might be uncertainty and risk aversion.
Although these households expect higher future energy costs they may implicitly value the risk of other market trends and therewith lower profitability of energy-efficient technologies, too. So, if this value is high they probably will not adjust their WTP. Furthermore, one might conclude that financial restrictions or uncertainty about the future household income have important impacts on the decision.
The effects of environmental concerns on the WTP are heterogenous. On the one hand estimation results suggest that individuals who do not believe that scientific and technological progress 8
Here and in the following, the discussion is based on the estimated AME resulting from the margeff command.
is sufficient to mitigate negative environmental and climate externalities and therefore stress the meaning of self-commitment, are significantly less likely to choose option (2) (-13%) and might be more likely to accept a higher WTP. Thus, for these individuals the building sector provides the possibility to self-contribute to climate protection. On the other hand, the part of the sample which considers environmental and climate protection among the most important political challenges, has a significant lower probability (about -13% to -16%) of stating a "positive WTP". It remains an open question if individuals explicitly avoid the building sector as potential sector to strengthen climate protection or if they consider politics to be responsible for the diffusion of energy-efficient technologies in residential buildings. Parallels can be drawn to the WTP for green daily consumer goods. If individuals are willing to pay more for daily consumer goods it is also more likely (+30%) that they accept higher purchase prices or rents for sustainable buildings as long as these are affordable to them.
Conclusion
The empirical analysis suggests that various factors determine preferences for energy efficiency in residential buildings when moving. However, both the studies on drivers for and barriers to energy-efficient refurbishment activities and the results presented in this paper show that the heterogeneity in response behaviour on WTP for appropriate technologies can not fully be explained by financial restrictions. Thus, political instruments to strengthen the diffusion of energy-efficient technologies and foster retrofit and refurbishment activities should not focus solely on subsidies and funding programmes. Financial programmes like for example offered by KfW bank (Reconstruction Loan Corporation) should ensure the access to capital markets, minimize information and transaction costs and reduce market asymmetries. Moreover, labeling instruments like the energy pass are useful to reduce asymmetric information between suppliers and demanders. Enhancing the publication requirements and introducing an official certification system as required in EPBD 2010 are economically reasonable extensions of this instrument. Furthermore, it is important to tackle the paucity of information on own energy consumption, investments costs and saving potentials. Networks consisting of energy advisers, tradesmen and one-on-one conversation with relative and friends who are familiar with energy efficiency play a key role to foster knowledge on energy consumption in buildings. In addition, investment incentives in energy-efficient refurbishment can be encouraged if building owners are allowed to rise the rent without heating costs permanently afterwards. In order to guarantee planing security, respective adjustments of the landlord and tenant law are necessary.
Because of the sector's absence in the European Union Emission Trading System (EU ETS), a reduction of energy use for decentralised heat generation in the building sector is likely to reduce CO 2 emissions. It should be noted that binding refurbishment obligations e.g. for old buildings violate the criterion of cost efficiency and do not necessarily lead to maximal CO 2 abatement because these instruments ignore abatement costs. Therefore, emissions trading systems or energy taxes are more powerful to fulfil environmental and climate targets. If policy aims at mitigating external effects of pollution resulting from decentralised heat consumption in residential buildings, energy taxes based on the CO 2 intensity of the energy source might be an appropriate instrument.
